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Abstract 
Objective: This case study examines the implementation of inpatient telemedicine in 
COVID-19 ICUs and explores the impact of shifting forms of visibility on the management of 
the unit, staff collaboration, and patient care. 
Background: The COVID-19 crisis drove healthcare institutions to rapidly develop new 
models of care based on integrating digital technologies for remote care with transformations in 
the hospital-built environment. The Sheba Medical Center in Israel created COVID-19 ICUs in 
an underground structure with an open-ward layout and telemedicine control rooms to remotely 
supervise, communicate, and support the operations in the contaminated zones. One unit has a 
physical visual connection between the control room and the contaminated zone through a 
window, while the other has only a virtual connection with digital technologies.  
Methods: The findings are based on semi-structured interviews with Sheba medical staff, 
telemedicine companies, and the architectural design team, and observations at the COVID units 
during March-August 2020.  
Results: The case study illustrates the implications of virtual and physical visibility on 
the management of the unit, staff collaboration, and patient care. It demonstrates the correlations 
between patterns of visibility and the users’ sense of control, orientation in space, teamwork, 
safety, quality of care, and wellbeing. 
Conclusions: The case study demonstrates the limitations of current telemedicine 
technologies that were not designed for inpatient care to account for the spatial perception of the 
unit and the dynamic use of the space. It presents the potential of a hybrid model that balances 
virtual and physical forms of visibility and suggests directions for future research and 
development of inpatient telemedicine. 
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Telemedicine Implementation in COVID-19 ICU: Balancing Physical and Virtual Forms of 
Visibility 
The response to the COVID-19 pandemic has globally transformed hospital operations. 
The challenge and threat of an imminent surge of COVID-19 patients overloading hospitals 
drove healthcare institutions to rapidly change their physical built environment, implement 
digital technologies, and develop new models of care. The main logic behind the transformations 
was the need to increase hospital capacity, provide the best medical treatment for the COVID-19 
patients, and protect the medical personnel from infection.  
One of the primary outcomes of the healthcare system’s response to the COVID-19 
pandemic is the acceleration of telemedicine technologies, which has evolved, as some predicted, 
from a technology-driven novelty to an essential component of healthcare delivery in most 
medical specialties and fields (Wilson & Maeder, 2015; Zimlichman, 2005). In addition to the 
development of telemedicine programs for outpatient care, hospitals recognized the potential of 
implementing telemedicine for inpatient care to reduce direct contact with COVID-19 patients 
(Dhala et al., 2020; Igra et al., 2020; Vilendrer et al., 2020). The new model of care in COVID-
19 Intensive Care Units (ICU) evolved from existing models of electronic intensive care unit (e-
ICU), developed in the USA to allow nurses and physicians to remotely monitor the status of 
many patients in ICUs in multiple hospitals (Hollander & Carr, 2020). Inpatient telemedicine in 
ICUs demonstrated its potential to enhance care (Huffenberger et al., 2019; Khunlertkit & 
Carayon, 2013) and its feasibility across diverse settings as a response to the COVID-19 
pandemic (Vilendrer et al., 2020). It was also found to support isolated patients in 
communication with family and enhance the patient and family experience in the critical care 
setting (Huffenberger et al., 2019; Voo et al., 2020). Yet, hospitals and providers face important 
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choices and challenges related to models of care, technological design, staff roles, regulatory, and 
financial and legal issues (Koenig, 2019; Lazzara et al., 2015).  
The new model of care by inpatient telemedicine transformed one of the most 
significant aspects of inpatient care, the visibility of patients and staff within the unit. The 
shift from physical face-to-face communication to virtual online synchronous 
communication of the ICU’s users acting within the built environment of the unit has 
important implications for healthcare services and hospital design. Yet, previous research on 
visibility focused on the physical visibility within hospital units and its impact on healthcare 
outcomes, or on virtual visibility for telemedicine communication with patients at home, and 
lacks consideration of integrating physical and virtual forms of visibility for inpatient care that 
has become more common due to the COVID-19 crisis.   
Physical visibility, by which we mean the direct line of visibility via  human eye-sight, is 
a major issue in the design of healthcare services. There is a strong body of research 
documenting the importance of visibility in healthcare settings, demonstrating how visibility 
enables or prohibits healthcare professionals’ ability to monitor, control, or manage situations. 
There is evidence that visibility has a significant impact on patient safety, including patient fall 
rates and mortality rates (Leaf et al., 2010; Lu et al., 2014), and on the performance of healthcare 
professionals, including situational awareness, communication, and teamwork (Lim et al., 2020; 
Lim & Zimring, 2020; Peavey & Cai, 2018). Previous research also demonstrates the association 
between architectural design layout of ICUs and nurse-to-patient visibility parameters as well as 
the important effects on patient observation and monitoring opportunities (Hadi & Zimring, 
2016; Pettit et al., 2014). Higher visibility levels are also associated with higher collaborative 
communication among nurses and physicians (Gharaveis et al., 2020). A review of the literature 
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on decentralized inpatient unit design, with physically dispersed staff spaces (Peavey & Cai, 
2018), showed links to reduced teamwork (Parker et al., 2012; Pati et al., 2015; Real et al., 
2017), task support (Nanda et al., 2015), social support  (Real et al., 2017; Zborowsky et al., 
2010), and to increased feelings of isolation (Nanda et al., 2015; Pati et al., 2015). Visibility of 
patients and among peers is especially critical in high-stress, high-acuity situations, as in the 
ICU, when nonverbal cues become increasingly essential (Grimes et al., 2017; Pati et al., 2015).  
Virtual visibility, which refers to visibility mediated by digital technologies, is often 
associated with telemedicine in outpatient care.  A review on the key aspects to consider when 
designing telemedicine spaces at the hospital or a clinic addressed the size and location of the 
room, lighting, interior surfaces for background, and site identification (The Center for Health 
Design, 2020). Research on camera placement for videoconferencing shows a significant impact 
of distance from the camera and eye gaze angles on the outcome of telemedicine consultations 
and user satisfaction (Tam et al., 2007). The Facility Guidelines Institute at the US highlights that 
design of spaces used for telemedicine communications should strive to provide what would be 
expected for the same communication taking place in person, including patients' privacy, safety, 
quality of care, and patient experience (FGI, 2018). Previous research also argues that 
telemedicine is not about technology, but about people. It suggests adopting a user-centered 
design methodology for the design and development of telemedicine systems to support the 
quality of care (Martínez-Alcalá et al., 2013). Research conducted before the COVID-19 crisis 
also argues that digital communication is often viewed as ineffective at connecting team 
members in critical care (Pati et al., 2015; Peavey & Cai, 2018). As such, examining the manner 
in which the sudden implementation of telemedicine technologies in ICUs during COVID-19 is 
important to explore.  
TELEMEDICINE IMPLEMENTATION IN COVID-19 ICU 8 
Methods 
This case study examines the implementation of inpatient telemedicine in COVID-19 
ICUs and questions what is the impact of shifting forms of physical and virtual visibility on the 
hospital healthcare services. The case study analyzes the dynamic inter-relationship between the 
architectural design of the COVID-19  units, digital technologies, and healthcare services. The 
exploratory case study involving interpretive qualitative inquiry, analyzes the affordances of the 
digital technologies and physical materiality to support different patterns of visibility and 
examines the stakeholders’ interpretive undersanding of the visibility impact on the management 
of the unit, staff teamwork and collaboration, and patient care. By physical materiality, we are 
referring to the physical properties of an artifact such as window, club car, and PPE; and which 
are distinct from digital materiality which are increasingly used to denote the material properties 
of digital artefacts, such as software programs.  
The case study focuses on the Sheba Medical Center (MC) at Tel HaShomer, a 1900 bed 
tertiary hospital in Israel. Supported by the ARC Innovation Center at Sheba MC, the hospital 
rapidly developed a new model of care for ICUs with inpatient telemedicine technologies during 
the COVID-19 crisis. The case study received approval from the institutional review board at the 
hospital as part of a broader research project studying the strategic development and planning of 
smart hospitals. The first author obtained access and collected data from the sources outlined in 
Appendix 1 in collaboration with co-authors from the hospital. 
The case study, conducted in March-August 2020 during the first and the second wave of 
COVID-19 in Israel, is based on thirty formal interviews with Sheba medical staff, telemedicine 
companies, and the architectural design team, two days of observations at the COVID-19 units, 
and guided tours of the COVID-19 units by the Sheba MC director of the COVID-19 division, 
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and the Sheba MC director of infrastructure and building. The formal one-on-one interviews 
were semi-structured, including topics such as the use of the telemedicine technologies, the 
impact of the built environment, and the change in professional practice.The volunteer subjects 
for interview were selected purposefully by consultation with the hospital management and 
according to work availability. The participants included 11 physicians, 3 nurses, 3 IT 
administrators, 2 human experience directors, 5 Startup directors, and 6 Architects & engineers. 
Each interview took approximately 30 to 60 min, most were held in person in the hospital and 
some were conducted virtually by zoom due to curfew restrictions. Most of the interviews were 
recorded in Hebrew (with the consent of the interviewees), transcribed, and professionally 
translated into English under supervision of the researchers.  
The two days of field observations of the COVID ICU focused on investigating the 
visibility from the control room and its outcomes on the units’ operations. Field observations and 
interview notes were recorded for analysis.  Additional data included media coverage, hospital 
webinars, and analysis of the architectural plans (Appendix 1). The case study was presented to 
the hospital board of directors for their information and comments.  
The thematic qualitative data analysis, based on principles of naturalistic inquiry (Lincoln 
& Guba, 1985) and a grounded approach to conceptual development (Golden-Biddle & Locke, 
2007) was adopted to identify emerging themes from the interviews and observations. Related 
and similar ideas were clustered together through the coding of interviews and field notes 
eliciting supporting quotes as evidence for the case analysis. The  emerging themes were 
characterized by their impact on the management of the unit, teamwork and collaboration, and 
patient care. Table 1 provides more details of these themes and their associated sub-themes 
(Table 1).  
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The New Model of Care at The Sheba Medical Center in Israel 
In response to the COVID-19 crisis, Sheba MC constructed rapid design solutions to 
increase patient bed capacity and to maintain regular hospital operations. Sheba MC added 500 
beds to its existing total of 1900 beds in the hospital (+26%), including 97 ICU beds in two 
underground COVID-19 critical care units (Leshem et al., 2020). The isolated COVID-19 ICUs 
were constructed in only a few days in an underground parking lot, originally designed to serve 
as a fortified emergency hospital for non-ICU-level patients in times of war (Figure 1). The main 
objective behind the decision to locate the COVID-19 ICUs in the underground parking was the 
need to isolate the COVID-19 patients from the rest of the operating hospital units and to save 
money and time by utilizing an existing structure. The large site of the parking lot of 6,050 sq. m. 
(17,222 sq. ft.) was divided into two ICUs with separation of clean zones, contaminated zones, 
and designated  circulation routes (Figure 2). Clean zones were completely separated from 
contaminated zones, using double-door vestibules for donning and doffing of personal protection 
equipment (PPE) and split air systems. The site was equipped with special infrastructure for 
electricity, medical devices, and oxygen lines.  
The two ICUs were designed with a special control room in the clean zone with 
telemedicine devices to remotely supervise, communicate, and control the operations in the 
contaminated zone. Unit A with an area of 255 sq. m. (2,745 sq. ft.) has an L shape open space 
for the contaminated zone, and an adjacent clean zone control room with sealed glass windows 
between the zones. While there was no direct passage from the clean control room to the 
contaminated zone, the adjacent location provided a visual sight between the two zones. Unit B 
has an area of 412 sq. m. (4,434 sq. ft.) with a square shape and is divided into six sub-zones for 
operation by level of care. The control room of unit B is located in the clean zone at a distance 
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from the unit’s contaminated zone with no direct physical sight of the clinical area of the unit 
(Figure 2).  [Place Figure 1 and Figure 2 one under the other approximately here]. 
Sheba MC, through its ARC innovation Center, employed different technologies to 
support remote patient care. The objective was to upscale ICU coverage, reduce staff infection 
risk, and lessen errors related to working in protective gear, through constant audiovisual 
communication between the clean control room and the contaminated zone teams. The 
technologies for monitoring, physical examination, management, and audiovisual 
communication included a video camera on each patient, spatial video cameras, and mobile 
InTouch Telepresence robots. The medical staff worked in two teams; one team in the 
contaminated zone with PPE and the second team supporting them from the clean zone control 
room using remote telemedicine technologies. The objective was to have minimal staffing inside 
the contaminated zone to reduce infection exposure of the staff, while recognizing the necessary 
bedside intensive care of nurses, physicians, and support personnel for critically ill patients. The 
divided teams, therefore, worked twelve-hour shifts, three hours in the contaminated zone, and 
three hours in the clean zone in rounds.  
The Impact of the Shifting Forms of Visibility 
The new model of care at the Sheba MC COVID-19 ICUs generated new forms of 
visibility enabled through digital technologies and physical materiality on the management of the 
unit, the teamwork and collaboration of the staff, and the care for the patients. Table 1 displays 
three key themes for each category including a description of each theme and significant quotes. 
[Place Table 1 approximately here]. 
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Management of the unit 
The COVID-19 ICUs were operated from the control room by the director of the unit, 
leading physicians, and head nurse. They were responsible for deciding on patient care and staff 
operation remotely. The shifting forms of visibility created challenges in orientation and spatial 
perception, supervision of staff, and control of operations. 
Orientation and spatial perception 
The screens in the control room, presenting the monitoring devices and the video cameras 
of the patients in the contaminated zone, created a segregated view lacking a holistic conception 
and spatial integration of the whole unit. “One of the things that the camera does is it divides the 
whole into parts. In the ICU, there is a concept of control of space. To operate the unit, you need 
to understand who is next to which bed, where the equipment is, where something is happening.” 
(medical director). The multiple cameras provided cumulative screen shots so that many foci of 
patient beds could be monitored. However, the foregrounding of the foci, made the relationships 
between them obscured. 
Supervision of staff 
The director and specialists supervised the resident doctors and nurses working in the 
contaminated zone from the control room. The audio-visual technologies afforded medics and 
nurses to share their expertise without the discomfort of PPE. The InTouch Telepresence robot, 
imitating human eye-level sight, supported the management of the unit by providing a dynamic 
view of the unit and a more personal virtual face-to-face communication with the staff (Figure 
3). “The robot was the most efficient piece of equipment. On the one hand, the ability to see from 
more than one angle, and on the other hand, the ability of the person on the other side to see the 
face of the person who was speaking to them. That was a game-changer. It is as if you are in the 
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room. You can move from place to place, to focus, and to distance.” (medical director). The 
ability to combine the affordances of a dynamic and controllable camera on the robot to augment 
the fixed views of the video cameras was significant. This highlights the need to have a 
combination of options to adequately supervise activities, since robots are not fixed to one place 
(the way a patient bed might be). For supervision, inter-relationships between the dynamically 
changing unit is an important factor. [Place Figure 3 approximately here]. 
Control of operations 
To further enhance control of operations and accommodate the limitations of remote 
fixed camera views and deficiency of robots, the hospital applied an innovative solution for the 
directors to enter the contaminated zone without putting on PPE by driving a closed club car in 
the unit (Figure 4). The club car provided the directors with a sense of control over the unit by 
enhancing their ability to maneuver and make visible the patients, staff, and unit as a whole. The 
club car added dynamic control and also ability to get close, though was reserved only for the 
directors as limited numbers could fit into car and benefit from this view. [Place Figure 4 
approximately here]. 
Teamwork and collaboration 
The division of the staff into two groups, one working in the contaminated zone with PPE 
and the other supporting them from the control room in the clean zone, increased the need for 
teamwork and collaboration. The shifting forms of visibility impacted professional processes, 
and changed staff's communication practices and staff’s hierarchies. 
Professional processes  
The need to take care of patients remotely, staying away from bedside where possible and 
watching from a distance, led the staff to engage with patient monitoring in new ways. The 
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different visibility affordances of the two units led to different work processes by the physicians 
and nurses. For example, in unit A, the nurses did bedside documentation for every patient 
supported by their visual team member through the window, while in unit B, the lack of the 
window caused them to develop a method for remote documentation supported by digital 
telemedicine. Their dependency on virtual visibility led to the decision that when they see a need, 
they could quickly get dressed with the PPE and enter the unit.  
Communication practices  
Unit A, with the window between the control room and the clinical contaminated zone, 
provided direct observation and face-to-face communication, overcoming the acoustic barrier by 
low-tech solutions such as hand gestures and hand-written notes (Figure 5). Without the physical 
visibility through the window, the staff in unit B used the cameras and the robot much more than 
the staff in unit A. “The Communication and control in unit A with the window were much 
simpler. You could see the patients and the caregivers with your own eyes, and you could also 
use the telemedicine devices, so it was much more comfortable. Also, the ability of staff inside to 
come to the window and show you: this is the medicine, this is what came out, this is the 
situation... is much more efficient. It can indeed all be done by video, so it is not a necessity but 
an advantage.” (medical director). The case shows the potential to support shifting 
communication patterns by creatively augmenting analog forms of communication with 
telemedicine technologies. [Place Figure 5 approximately here]. 
Staff hierarchies 
The hierarchies between physicians and nurses and experienced physicians and residents 
shifted. “The PPE covered any characteristics of the professional role. When help was needed, 
any pair of free hands came to the rescue. It did not matter if it was a doctor or a nurse” (Head 
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nurse). “Usually, the residents speak with the families, but in the COVID-19 ICU, when families 
were not allowed to visit, it was the senior doctors who communicated with them every day to 
provide the most detailed and accurate information.” (medical director). Visibility by camera 
also created a neutral situation where no one is more privileged than another screen shot. 
Opposite to human vision that tends to focus on certain persons more because we privilege them 
as more important, the camera is agnostic (Mengis et al., 2018). 
Patient care 
The use of telemedicine technologies to remotely monitor and supervise patient care 
transformed the concept of inpatient care. The shifting forms of visibility impacted patient safety 
and quality, patient privacy, and family support.  
Patient safety and quality 
The new model of care brought up questions of the important role of personal connection 
between the physician and the patient. “In virtual care, I do not feel that I'm giving my patients 
what I'm supposed to be giving them as a caregiver. And that does not matter how much we 
improve the technology if you cannot place your hand on the patient when you give him bad 
news . . . but on the other hand, with remote technologies, I can be there for him even when I'm 
not physically present“ (medical director). Virtual visibility required staff to develop new ways 
of showing empathy and making human connection. The impact of the shifting forms of 
visibility on the patient’s experience was expressed by one of the patients who was hospitalized 
for an extended period in the COVID-19 ICU and came to visit the unit a few weeks after he was 
discharged. When asked what he remembered from his experience in the COVID-19 ICU, he 
said, "I don't remember anything other than the stewardess on skates…" referring to the robot 
moving on wheels. “Why did he remember the robot and he didn't remember anyone else? 
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Everyone else was people without faces. Everyone who wasn't the robot had a mask and their 
face was covered, looking like astronauts...” (medical director). For the patient, the sense of 
human empathy was given through a visible face, without mask and PPE protection, even though 
digitally mediated (Figure 3).  
The virtual visibility enabled through telemedicine technologies enhanced patient safety 
and quality of care by supervising the behavior of the staff to prevent cross-infection from patient 
to patient.“I was using the robot to wander around the room, going from bed to bed, and all of a 
sudden, I saw a doctor lift his hand, and the entire seam of his robe was torn… He didn't notice. 
No one noticed. This was thanks to the robot. In a normal situation, when I do my rounds 
surrounded by 5-6 doctors, I would not have noticed a tear in a doctor's robe, I would be looking 
at the patient, not at the doctors.” (medical director). 
Patient privacy 
The use of telemedicine technologies, including the video cameras per patient in the 
contaminated zone, denied patient privacy. The hospital provided portable curtains on wheels but 
they created a barrier for virtual visibility and were moved away. The lack of visual privacy for 
the patients and the staff aroused significant ethical issues addressed in hospital policies. “There 
was no privacy for the patients. There weren't even curtains between the beds because of the 
cameras. In this situation, the patients who weren't ventilated witnessed the disease's natural 
progression... They could see, maybe only a few meters from them, what they were going to look 
like in another three to four days. That was horrible!” (resident doctor).  
Family support 
The visibility affordances also transformed models of family support. Although the 
hospital provided the families with a special facility in the hospital for remote virtual 
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communication with their patients and the staff in the ICU, “digital visiting hours”, they soon 
realized virtual visibility was not sufficient both for the families and for the patients. “The family 
meeting with the patient can be virtual – they can speak from home – but they want physical 
contact. Telemedicine, as good as it is, is not enough. Many people need physical contact with 
the patient to be close to their loved one. They are willing to put on the PPE to go into the unit 
even if they might risk their health.” (hospital director). The team recognized that even ventilated 
patients were aware of family presence and got emotional. “One patient shed a tear, and the 
blood pressure and pulse of another went up.” (medical director). However bringing family 
physically onto the ward was not always possible, and limited the numbers who could visit. 
Specific focused visibility of loved ones at punctuated points of the day, through cameras could 
mediate the present providing compassion for the family, and encouraging the patient, without 
the need for PPE masks covering faces. 
The location of the COVID-19 ICUs in the underground site, with no visibility of the 
outdoors, natural sight, and daylight, impacted the wellbeing of the patients and staff. “I think 
that the underground location was a very bad choice, it was like working in a submarine... I 
think people developed PTSD because of that place. From the place itself and the general 
situation. You cannot separate the two. I'm certain that if we were in a regular department with 
windows, it would have made a difference.” (medical director). Many staff members noted that 
they believe the underground location also caused depression to the patients. “When they were 
coming out of an induced coma, and we wanted to stop the anesthetics, the patients had very bad 
responses. If they were tested negative to COVID-19 and transferred to the regular ICU, they 
were able to wake up in a day. We couldn't accomplish that in a week, even more.” (medical 
director).  
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Discussion 
The new model of inpatient telemedicine care in the COVID-19 ICUs generated new 
forms of visibility by digital technologies and physical materiality. The insights of the case study 
demonstrate the relationship between the affordances of the virtual and physical patterns of 
visibility and their impact on the management of the unit, teamwork and collaboration, and 
patient care.  For the management of the unit, challenged by remote control of operations, the 
limitations of the video cameras that provided specific direction, focus on seeing, static and high 
angle of view, were balanced by the robot with dynamic distance eye-level view, and the addition 
of a club car with dynamic multi-focus specific and neutral direction. The teamwork and 
collaboration of the staff, challenged by the use of PPE, was enhanced by the window between 
the control room and the clinical zone that afforded a diverse relationship, specific and neutral 
direction, and the robot with multi-focus personal relationship. Patient care, challenged by the 
lack of privacy and family support, was supported by the visibility affordances of the video 
cameras and robot for specific relationship, specific direction, and change of distance that 
enhanced the patient safety and level of care. 
The case study illustrates the affordances and limitations of the digital technologies and 
physical materiality used in developing the new model of care. It demonstrated the limitations 
of current digital telemedicine technologies that were not designed for inpatient care to 
account for the spatial perception of the unit and the dynamic use of the space. Augmenting 
a diverse range of visibilities were crucial for orientation and control of the unit, significantly 
important for the management of the unit responsible for allocating staff and resources, and for 
the teamwork and collaboration among the staff. Similar to other studies (Khurrum et al., 2020; 
Subramanian et al., 2020), this case study also shows the challenge of using multiple digital 
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technologies for patient monitoring and visual communication on segregated screens and the 
need to develop one comprehensive platform to support the dynamic multi-purpose use of the 
technologies. To overcome the limitations of the telemedicine technologies that were not 
specifically designed to support the complex and stressful (Shen X et al., 2020), high-touch and 
multi-person care process in the ICU (Leaf et al., 2010; Lu et al., 2014), the hospital skillfully 
augmented with other forms of physical visibility, including the architectural design of the 
window between the control room and the contaminated zone and the club car drive. The 
advantages of the InTouch Telepresence robot for management, patient care, and family support 
demonstrated the need for visibility patterns that mimic human sight. The case study provides 
important insights on the use of digital technologies and physical materiality to support 
telemedicine for inpatient care which should be designed for infection control, foster family 
support, and whose robotic capabilities can offer human augmentation.  
 The combination of virtual and physical forms of visibility, as in the design of the control 
room in unit A with the window, demonstrated the advantages of providing diverse patterns of 
visibility to enhance different uses. Physical visibility based on the user's dynamic perception 
while present in space, on site, and virtual visibility that provides control over distance of view 
by zooming in and out, movement in space by robots, and angle of view for an overview or eye-
level sight was significant in maintaining the essential characteristics of an ICU; close 
supervision on patients, collaborative team work, and moral responsibility for family members. 
Conclusions 
The hospital's resilience was enhanced by the implementation of digital technologies for 
remote care and the design of the built environment to support new models of care by inpatient 
telemedicine. One of the main implications of the rapid transformations in healthcare services, 
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demonstrated in this case study, is the need for a breadth and multiple forms of visibility. The 
move from on-site physical visibility to remote virtual visibility by digital technologies has a 
significant impact on the dynamics of care provision of inpatient units. Different from outpatient 
care, where virtual visibility is mainly a means for enhanced communication between the 
caregiver and the patient, in inpatient care, and specifically in ICU, virtual visibility needs to 
support different purposes such as management, teamwork, collaboration, and care, relating to 
different users, including hospital directors, physicians, nurses, technicians, families, and 
patients, in changing conditions over time.  
The complexity of the hospital operations and the often-conflicting needs of different 
end-users demand a holistic approach to inpatient care visibility. The case study presents the 
potential of a hybrid model of virtual and physical forms of visibility that was developed to 
overcome the limitations of current telemedicine technologies that were not designed for hospital 
care. The diverse patterns of visibility by digital technologies and physical materiality 
supported the healthcare services of the unit by enhancing control, perception of the unit as 
a whole, orientation in space, safety, infection control, collaboration, and wellbeing of all 
users.  
Future models of remote care for inpatient care can be developed to (1) enhance visibility 
affordances of digital technologies to provide, for example, spatial perception and an integration 
of segregated views with the monitoring devices, and (2) advance a balanced model of virtual 
and physical forms of visibility. 
Integrating the design of the built environment with the design of the technologies for 
service delivery, and balancing physical and virtual forms of visibility, can help support future 
TELEMEDICINE IMPLEMENTATION IN COVID-19 ICU 21 
transformations of the healthcare eco-system involving the integration of hospital care with home 
and community care.  
While this case study is based on an innovative solution for inpatient telemedicine, 
further work is needed to compare and evaluate different solutions and implementations of 
telemedicine technologies for COVID-19 ICUs.  More studies on the impact of virtual visibility 
vs. physical visibility on the performance of hospital units are needed, as well as studies on the 
implementation of inpatient telemedicine in different medical specialties and models of care. 
Further research on the impact of inpatient telemedicine on the design of healthcare facilities in 
diverse environmental, cultural, and economic context will enhance the knowledge base needed 
for the future development of healthcare architecture and digital technologies for remote care. 
References 
Dhala, A., Sasangohar, F., Kash, B., Ahmadi, N., & Masud, F. (2020). Rapid implementation and 
innovative applications of a virtual intensive care unit during the COVID-19 pandemic: 
Case study. Journal of Medical Internet Research, 22(9), e20143. 
https://doi.org/10.2196/20143 
FGI. (2018). Guidelines for Design and Construction of Hospitals. 
Gharaveis, A., Pati, D., Hamilton, D. K., Shepley, M., Rodiek, S., & Najarian, M. (2020). The 
Correlation Between Visibility and Medical Staff Collaborative Communication in 
Emergency Departments. HERD: Health Environments Research & Design Journal, 
193758672092118. https://doi.org/10.1177/1937586720921182 
Golden-Biddle, K., & Locke, K. (2007). Composing Qualitative Research. In Composing 
Qualitative Research. SAGE Publications, Inc. https://doi.org/10.4135/9781412983709 
Grimes, C., Meilink, B., & Melink, L. (2017). The decentralized station: More than just 
TELEMEDICINE IMPLEMENTATION IN COVID-19 ICU 22 
visibility. AAH Academy Journal, 19(1), 40–45. 
Hadi, K., & Zimring, C. (2016). Design to Improve Visibility: Impact of Corridor Width and Unit 
Shape. HERD: Health Environments Research & Design Journal, 9(4), 35–49. 
https://doi.org/10.1177/1937586715621643 
Hollander, J. E., & Carr, B. G. (2020). Virtually perfect? Telemedicine for covid-19. In New 
England Journal of Medicine (Vol. 382, Issue 18, pp. 1679–1681). Massachussetts Medical 
Society. https://doi.org/10.1056/NEJMp2003539 
Huffenberger, A. M., Stamm, R., & Martin, N. D. (2019). Tele-ICU Patient Experience: Focus on 
Family-Centered Care. In Telemedicine in the ICU (pp. 177–195). Springer International 
Publishing. https://doi.org/10.1007/978-3-030-11569-2_10 
Igra, A., McGuire, H., Naldrett, I., Cervera-Jackson, R., Lewis, R., Morgan, C., & Thakuria, L. 
(2020). Rapid deployment of virtual ICU support during the COVID-19 pandemic. Future 
Healthcare Journal, 7(3), 181–184. https://doi.org/10.7861/fhj.2020-0157 
Khunlertkit, A., & Carayon, P. (2013). Contributions of tele-intensive care unit (Tele-ICU) 
technology to quality of care and patient safety. Journal of Critical Care, 28(3), 315.e1-
315.e12. https://doi.org/10.1016/j.jcrc.2012.10.005 
Khurrum, M., Asmar, S., & Joseph, B. (2020). Telemedicine in the ICU: Innovation in the 
Critical Care Process. Journal of Intensive Care Medicine, 1(8), 088506662096851. 
https://doi.org/10.1177/0885066620968518 
Koenig, M. A. (2019). Telemedicine in the ICU. In Springer. Springer International Publishing. 
https://doi.org/10.1007/978-3-030-11569-2 
Lazzara, E. H., Benishek, L. E., Patzer, B., Gregory, M. E., Hughes, A. M., Heyne, K., Salas, E., 
Kuchkarian, F., Marttos, A., & Schulman, C. (2015). Utilizing Telemedicine in the Trauma 
TELEMEDICINE IMPLEMENTATION IN COVID-19 ICU 23 
Intensive Care Unit: Does It Impact Teamwork? Telemedicine and E-Health, 21(8), 670–
676. https://doi.org/10.1089/tmj.2014.0074 
Leaf, D. E., Homel, P., & Factor, P. H. (2010). Relationship between ICU design and mortality. 
Chest, 137(5), 1022–1027. https://doi.org/10.1378/chest.09-1458 
Leshem, E., Klein, Y., Haviv, Y., Berkenstadt, H., & Pessach, I. M. (2020). Enhancing intensive 
care capacity: COVID-19 experience from a Tertiary Center in Israel. In Intensive Care 
Medicine. Springer. https://doi.org/10.1007/s00134-020-06097-0 
Lim, L., Kanfer, R., Stroebel, R. J., & Zimring, C. M. (2020). Backstage Staff Communication: 
The Effects of Different Levels of Visual Exposure to Patients. Health Environments 
Research & Design Journal, 13(3), 54–69. https://doi.org/10.1177/1937586719888903 
Lim, L., & Zimring, C. M. (2020). A Conceptual Visibility Framework for Linking Spatial 
Metrics With Experience and Organizational Outcomes. HERD: Health Environments 
Research & Design Journal, 193758672091682. 
https://doi.org/10.1177/1937586720916825 
Lincoln, Y. S., & Guba, E. G. (1985). Naturalistic Inquiry. Sage Publications. 
Lu, Y., Ossmann, M. M., Leaf, D. E., & Factor, P. H. (2014). Patient Visibility and ICU 
Mortality: A Conceptual Replication (Vol. 7, Issue 2). 
Martínez-Alcalá, C. I., Muñoz, M., & Monguet-Fierro, J. (2013). Design and Customization of 
Telemedicine Systems. Computational and Mathematical Methods in Medicine, 2013, 16. 
https://doi.org/10.1155/2013/618025 
Mengis, J., Nicolini, D., & Gorli, M. (2018). The Video Production of Space: How Different 
Recording Practices Matter. Organizational Research Methods, 21(2), 288–315. 
https://doi.org/10.1177/1094428116669819 
TELEMEDICINE IMPLEMENTATION IN COVID-19 ICU 24 
Nanda, U., Pati, S., & Nejati, A. (2015). Field Research and Parametric Analysis in a Medical–
Surgical Unit. HERD: Health Environments Research & Design Journal, 8(4), 41–57. 
https://doi.org/10.1177/1937586715577370 
Parker, F. M., Eisen, S., & Bell, J. (2012). Comparing centralized vs. decentralized nursing unit 
design as a determinant of stress and job satisfaction. Journal of Nursing Education and 
Practice, 2(4). https://doi.org/10.5430/jnep.v2n4p66 
Pati, D., Harvey, T. E., Redden, P., Summers, B., & Pati, S. (2015). An Empirical Examination of 
the Impacts of Decentralized Nursing Unit Design. HERD: Health Environments Research 
& Design Journal, 8(2), 56–70. https://doi.org/10.1177/1937586715568986 
Peavey, E., & Cai, H. (2018). A Systems Framework for Understanding the Environment’s 
Relation to Clinical Teamwork: A Systematic Literature Review of Empirical Studies. 
Environment and Behavior, 001391651881553. https://doi.org/10.1177/0013916518815535 
Pettit, N. R., Wood, T., Lieber, M., & O’Mara, M. S. (2014). Intensive care unit design and 
mortality in trauma patients. Journal of Surgical Research, 190(2), 640–646. 
https://doi.org/10.1016/j.jss.2014.04.007 
Real, K., Bardach, S. H., & Bardach, D. R. (2017). The Role of the Built Environment: How 
Decentralized Nurse Stations Shape Communication, Patient Care Processes, and Patient 
Outcomes. Health Communication, 32(12), 1557–1570. 
https://doi.org/10.1080/10410236.2016.1239302 
Shen X, Zou X, Zhong X, Yan J, & Li L. (2020). Psychological stress of ICU nurses in the time 
of COVID-19. Critical Care, 2–4. 
Subramanian, S., Pamplin, J. C., Hravnak, M., Hielsberg, C., Riker, R., Rincon, F., Laudanski, 
K., Adzhigirey, L. A., Moughrabieh, M. A., Winterbottom, F. A., & Herasevich, V. (2020). 
TELEMEDICINE IMPLEMENTATION IN COVID-19 ICU 25 
Tele-critical care: An update from the society of critical care medicine tele-ICU committee. 
Critical Care Medicine, 553–561. https://doi.org/10.1097/CCM.0000000000004190 
Tam, T., Cafazzo, J. A., Seto, E., Salenieks, M. E., & Rossos, P. G. (2007). Perception of eye 
contact in video teleconsultation. Journal of Telemedicine and Telecare, 13(1), 35–39. 
https://doi.org/10.1258/135763307779701239 
The Center for Health Design. (2020). Webinar: Telemedicine: Where We Are and Why the Built 
Environment Matters. https://www.healthdesign.org/events/271 
Vilendrer, S., Patel, B., Chadwick, W., Hwa, M., Asch, S., Pageler, N., Ramdeo, R., Saliba-
Gustafsson, E. A., Strong, P., & Sharp, C. (2020). Rapid Deployment of Inpatient 
Telemedicine In Response to COVID-19 Across Three Health Systems. Journal of the 
American Medical Informatics Association, 1–8. https://doi.org/10.1093/jamia/ocaa077 
Voo, T. C., Senguttuvan, M., & Tam, C. C. (2020). Family Presence for Patients and Separated 
Relatives During COVID-19: Physical, Virtual, and Surrogate. Journal of Bioethical 
Inquiry, 1–6. https://doi.org/10.1007/s11673-020-10009-8 
Wilson, L. S., & Maeder, A. J. (2015). Recent directions in telemedicine: Review of trends in 
research and practice. In Healthcare Informatics Research (Vol. 21, Issue 4, pp. 213–222). 
Korean Society of Medical Informatics. https://doi.org/10.4258/hir.2015.21.4.213 
Zborowsky, T., Bunker-Hellmich, L., Morelli, A., & O’Neill, M. (2010). Centralized vs. 
Decentralized Nursing Stations: Effects on Nurses’ Functional Use of Space and Work 
Environment. HERD: Health Environments Research & Design Journal, 3(4), 19–42. 
https://doi.org/10.1177/193758671000300404 
Zimlichman, E. (2005). Telemedicine: Why the delay? Israel Medical Association Journal, 7(8), 
525–526. 
TELEMEDICINE IMPLEMENTATION IN COVID-19 ICU 26 
Executive Summary of Key Concepts  
The COVID-19 crisis drove healthcare institutions to rapidly develop new models of care 
based on integrating digital technologies for remote care with transformations in the hospital-
built environment. The Sheba Medical Center in Israel created COVID-19 ICUs in an 
underground structure with an open-ward layout and telemedicine control rooms to remotely 
supervise, communicate, and support the operations in the contaminated zones. Some units have 
a physical visual connection between the control room and the contaminated zone through a 
window, while others have only a virtual connection with digital technologies. The case study, 
based on semi-structured interviews and observations during March-August 2020, illustrates the 
implications of the virtual and physical visibility on the management of the unit, staff 
collaboration, and patient care. It demonstrates the correlations between patterns of visibility and 
the users’ sense of control, orientation in space, teamwork, quality of care, and wellbeing. The 
case study demonstrates the shortcoming of current telemedicine technologies that were not 
designed for inpatient care to account for the spatial perception of the unit and the dynamic use 
of the space. It presents the potential of a hybrid model that balances virtual and physical forms 
of visibility and suggests directions for future research and development of inpatient 
telemedicine. 
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Implications for Practice  
 Different from telemedicine for outpatient care, where virtual visibility is mainly a means for 
enhanced communication between the caregiver and the patient, in inpatient care, and 
specifically in ICU, virtual visibility needs to support different purposes, including 
management of the unit, teamwork between caregiver teams, and remote monitoring of 
patients by caregivers in changing conditions over time.  
 The case study demonstrated the limitations of current telemedicine technologies that were 
not designed for inpatient care to account for the holistic conception and spatial integration of 
the unit, and the dynamic use of the space that are crucial for orientation, monitoring, control, 
and collaboration. 
 The combination of physical visibility based on the user's dynamic perception while present 
in space, or on-site, and virtual visibility that provides remote control over distance, 
movement, and angle of view was significant to the performance of the unit. 
 The case study showed that the use of digital technologies for inpatient telemedicine had 
unintended and unexpected uses for infection control, family support, or human 
augmentation.  
 The case study presents the potential of a hybrid model of virtual and physical forms of 









Figure 1. Architectural plan of the underground parking lot at Sheba MC. 
  




Figure 2. Architectural plan of the COVID-19 critical care hospital at Sheba MC. 
  




Figure 3. The InTouch Telepresence robot depicting a recognisable human face with staff 
members covered by PPE. Photo: Sheba MC, April 2020. 
  




Figure 4. A camera screen showing the club-car driving through the contaminated zone for close 
up and dynamic observation. Photo: Sheba MC, April 2020. 
  




Figure 5. Collaboration by face-to-face communication through the window between the control 
room and the contaminated zone in COVID ICU A. Photo: the author, August 2020. 
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Appendix 1 
 
Appendix 1. List of sources for the research 
Interviews (30 total) 
11 physicians 
3 nurses 
3 IT administrators 
2 Human experience 
5 Startup directors 
6 Architects & engineers 
On-site visits during June-Aug 2020 
Guided tours of the COVID units (2). 
Observations in the control room (2 days). 
Presentation & discussion with the hospital board of directors. 
Documentation 
Sheba MC brief of the telemedicine technologies implemented in the COVID units. 




Webinars of Sheba Medical Center and the ARC Innovation center. 
 
 
 
 
